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chapter  1 


INTRODUCTION 

1.1  Background: 

The  work  described  in  this  report  initially  was  conceived  during  participation 
in  a USAF-ASEE  Summer  Faculty  Research  Program  in  the  summer  of  1977  at 
the  Human  Resources  Laboratory  at  Wright- Patterson  Air  Force  Base.  The  work 
pursued  was  an  exploratory  study  related  to  the  following  general  questions: 

(1 ) Can  evoked  potential  technology  be  utilized  as  a practical  tool  to  assist  in 
decision  making  related  to  design  and  evaluation  of  pilot-training  simulators  ? 

(2)  Can  evoked  potentials  be  utilized  to  assist  in  identifying  either  high-priority 
cues  or  redundant  and  unnecessary  cues  ? Do  they  have  potential  use  in  the  evaluation 
of  an  individual's  training  performance?  It  is  of  interest  to  investigate  whether  the 
electrical  potential  measured  at  scalp  nodes  can  be  utilized  as  an  objective  measurement 
related  to  sensing  various  stimuli,  or  interpreting  the  information  content  of  a 
particular  stimulus.  For  efficient  design  of  ground  based  flight  training  simulators, 

it  is  important  to  know,  for  any  specific  mission,  not  only  which  cues  are  important, 
blit  also  which  cues  may  detract  from  the  performance  of  a trainee  or  his  transfer 
of  training  if  these  cues  are  not  properly  synchronized  with  all  other  cues.  It  is 
postulated  that  measurement  of  evoked  responses  will  be  of  use  in  obtaining  this 
information.  The  work  described  in  this  report  is  preliminary  work  aimed  at 
addressing  these  questions. 
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1 . 2 Research  Objectives : 

It  has  been  suggesttnl  that  respimses  from  a much  wider  range  of  stimulus 
parameters  bt'  studu*d,  and  that  a body  of  norma  Jve  data  for  various  stimuli  be 
established.  In  order  to  assess  the  pt)tential  usefulness  of  evokini  potential  teclmiques 
to  contribute  to  simulator  desigiA  criteria  imd  assist  in  training  evaluation,  it  was 
proposed  that  a set  of  more  application-oriented  EP  exi>eriments  be  perfornu'd. 

Moat  EP  experiments  that  have  been  performed  involve  application  of  a 
well-defintHi,  sensor>'  stimulus  in  a laboratory  environment.  In  order  to  test  a 
simple  hypothesis,  it  is  important  to  avoid  interraction  of  a number  of  different 
variables.  However,  in  real  world  flight-training  situations,  there  are  generally  a 
number  of  interrelated  variables  involvc*d.  For  instance,  the  action  of  a G-seat 
may  stimulate  motion,  tactile,  and  proprioceptive  receptors.  Simultaneously, 
meaningful  visual  and  auditory  inputs  may  be  present.  The  onset  time  of  the  G-seat 
stimulation  may  be  difficult  to  define,  and  the  various  nunles  of  stimulation  may 
not  wcur  simultaneously.  It  seems  apparent  that  the  response  tt)  such  multinn'dal 
stimuli  should  be  investigated  utilizing  a research-oriented  simulator  such  as  the 
Advanctxl  Simulator  for  Undergraduate  Pilot  Training.  The  gap  between  conventional 
laboratory  experiments  and  simulator-based  EP  experiments  is  wide.  Therch>rt',  it 
was  proposed  that  prior  to  designing  simulator- based  EP  experiments,  laboratory 
experiments  involving  multimodal  inputs  related  to  pilot  training  be  performed.  It 
was  anticipated  that  e.xperience  and  results  obtained  from  these  experiments  would  be 
useful  in  designing  simulator-based  experiments  that  will  mi>re  directly  address 
the  questions  that  are  being  posed. 
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It  was  proposed  to  design  three  types  of  exploratory  experiments.  One 
experiment  involved  a stimulus  consistin'^  of  the  observation  of  visual  motion.  A 


second  experiment  utilized  axi  onset  stimulus  related  to  a G-seat  onset  stimulus.  A 
third  experiment  involved  a combination  of  a visual  and  G-seat  type  stimulus.  Since 
the  proposed  work  was  exploratory  in  nature,  precise  hypotheses  were  not  tested.  It 
was  proposed  that  some  of  the  following  questions  be  addressed: 

1 . Can  a lambda  wave  associated  with  observation  of  visual  motion 
readily  be  detected? 

2.  Are  the  latencies  of  the  evoked  responses  relatively  constant 

a.  for  different  tests  on  the  same  subject? 

b.  among  different  subjects  ? 

3.  Is  control  of  physiological  artifacts  or  elimination  of  artifact 
contaminated  responses  necessary? 

4.  Can  a specified  evoked  response  be  detected  from  a single 
sample  ? 

5.  Is  the  response  detected  in  the  parietal  region  more  discernible 
than  that  detected  in  other  regions  of  the  scalp  ? 

6.  Does  the  response  with  a task  differ  significantly  from  the 
response  without  an  associated  task? 

7.  Can  a computer  algorithm  be  formulated  for  nearly  real  time 
operation  that  reliably  identifies  visual  motion  onset  solely 
from  the  measured  scalp  response  of  the  subject? 

It  was  anticipated  that  not  all  aspects  of  the  three  exploratory  experiments  would 

be  thoroughly  investigated.  It  was  further  anticipated  that  information  related  to 

several  of  the  specific  questions  being  addressed  would  be  obtained. 
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1.3 


Research  Activities; 


Experiments  related  to  observation  of  visual  motion,  a seat  deflation 
stimulus  and  a combination  of  the  two  stimuli  were  developed  and  tested.  Questions 
5 and  7 in  the  preceding  section  were  not  addressed.  However,  at  least  some 
information  related  to  the  other  five  questions  was  obtained.  The  experiments 
described  in  the  original  proposal  were  all  slightly  modified.  The  modifications 
made  were  consistent  with  the  overall  objectives.  The  experiments  performed 
and  results  obtained  are  described  in  Chapters  3 and  4. 

The  research  potentialities  resulting  from  the  development  of  our  evoked 
potential  facilities  significantly  exceed  our  original  expectations.  Capabilities 
we  now  possess  as  the  result  of  this  development  of  facilities  are  described  in 


Chapter  2. 


Chapter  2 


FACILITIKS  DKVEUM’KD 
2.1  Hardware  Development: 

A flexible  system,  capable  of  controllintj;  a wide  variety  of  stimuli  has 
been  developed.  The  system  is  controlled  by  a small,  {?eneral  purpose  hybrid 
computer.  The  experiments  are  controlled  by  software'  opi-ratbiK  on  a PDP-8/I 
minicomputer.  Interfaced  to  the  computer  and  used  in  conjunction  with  the  computer 
are  two  imalog  computers,  a parallel  patchable  logic  console',  twee  magnetic  tape 
drives,  twe)  analeig  tape'  cemsedes  and  twe>  analeig  display  devices.  Hedh  visual  anel 
pneumatically  biduced  meitiem  cues  are  ceentreillcd  by  the  hybrid  ce)mputer,  ;mel  i 

j 

all  sampled  responses  are  steered  een  magnetic  tape  file's.  A block  diagram  of  the'  | 

i 

system  facilities  is  given  in  Figure  1.  | 

1 

The  Hewlett-Packard  Bkeelectric  System  is  used  for  amplifying  the  e'veiki'el  ' 

response.  The  e'ntlre  electrical  activity  at  feiur  nexles  can  be  nueniteered  ajid  re'ceirele'el 
during  the  conduct  eef  lui  e'xjeeriment.  A high-level  enitput  is  sent  te>  the  hybrid 
computer  for  additional  ampllficatiem,  sampling  luid  anale)g-te)-digital  ceuwersieen. 

The  digital  le>gic  ctmsole  Is  utilized  feir  timing,  anale)g  ce^mputer  control 
and  for  certain  logic  eiperatie>ns.  The  patching  e)f  the  clock  used  to  control  sampling 
rate  is  illustrated  in  Figure  2.  Three  4-bit  counters  are  utilized  such  that  the 
carry-out  of  one  counter  is  conm'cted  to  the  carry-in  of  the  next  cimnter.  The 
counters  are  driven  by  a one  megacycle  clock.  With  leads  A and  H connected  as 
shown,  flag  F2  comes  up  2.048  milliseconds  after  the  chx'k  is  started.  This  flag 
Is  sensed  by  the  digital  computer  to  control  uniform  samplbig  rate  of  th«'  ('voked 


FIGURE  I.  BLOCK  DIAGRAM  OF  SYSTEM  FACILITIES 


PURPOSE  CLOCK. 


response.  To  uicrease  the  sampling  rate,  leads  A jmd  B can  be  moved  up  or 
to  the  left.  To  decrease  the  sampling  rate,  the  leads  are  moved  down.  If  the 
researcher  wishes  to  focus  on  either  a narrower  or  wider  evoked  response  during 
the  conduct  of  an  experiment,  he  can  do  so  by  changing  these  leads  during  an 
inter- stimulus  interval.  This  can  be  done  without  halting  the  exiicriment,  and  all 
information  is  retaintnl  and  can  be  processed  and  displayed  using  a post-processing 
software  package. 

The  analog  computers  arc  used  to  control  the  size  :md  shape  of  the  visual 
display,  to  control  the  horizontal  and  vertical  motion  of  the  visual  display,  to 
randomly  vary  the  inter- stimulus  Interval  and  to  drive  the  voltage  controlled 
pneumatic  valves.  An  analog  patching  diagram  for  image  generation  and  horizontal 
motion  is  shown  in  Figure  3.  An  analog  computer  diagram  for  stimulus  control  and 
inter- stimulus  interval  variation  is  shown  in  Figure  4. 

Refer  to  Figure  3.  The  polar  coordinates  for  a circle  are  the  outvmts 
of  integrators  13  and  15.  The  size  of  the  ball  can  be  varied  by  adjusting 
potentiometer  P13.  Nonlinearities  in  the  visual  display  device  can  be  compensated 
for  by  varying  P19  or  P20.  Horizontal  harmonic  motion  of  the  display  is  produced 
by  integrator  21.  The  width  of  the  horizontal  excursion  is  controlled  by  PIO. 

It  should  be  noted  that  even  though  most  experiments  we  performed  involved 
non-visual  stimuli,  the  moving  visual  imagt's  were  still  used  ui  the  control  room 
for  .system  checkout  and  for  real-time  monitoring  of  the  current  state  of  the 


experiment. 


Refer  to  Figure  4.  The  output  of  integrator  A14  is  a one-dimensional 
random  walk.  When  boundaries  specified  by  inputs  to  comparators  Cll  or  C27 
are  crossed,  flag  F9  comes  up,  and  the  random  walk  is  terminated.  If  one 
of  two  randomly  selected  stimuli  is  to  be  applied,  such  as  an  up  displacement 
versus  a down  displacement  or  a left  seat  deflation  versus  a right  seat  deflation, 
thei^  flag  F4  is  sensed,  and  the  appropriate  stimulus  is  applied.  This  is  done  by 
setting  either  logic  output  3 or  logic  output  1 1 . Setting  Lt)3  produces  a sudden 
downward  vertical  displacement  of  the  image,  whereas  setting  L()4  produces  a 
sudden  upward  displacement  of  the  visual  image.  The  use  of  normally-opened 
switches  3,  4,  5 and  6 enables  the  same  patching  diagram  to  ct)ntrol  seal 
partition  deflations.  This  is  descrilx*d  in  more  detail  later  in  this  chapter. 

Vertical  displacement  velcwltics  can  be  varied  by  varying  P21  and  P22. 
filter-stimulus  intervals  are  controlled  by  P2.  fii  order  to  enhance  the  chances  of 
selecting  a particular  stimulus,  the  settings  of  Pll  and  P14  can  be  changed. 
Furthermore,  all  these  adjustments  can  be  made  during  the  real-time  conduct  of 
an  experiment.  The  capability  to  vary  inter- stimulus  interval  and  to  bias  the 
selection  of  a particular  stimulus  during  the  conduct  of  an  experiment  proved  to 
be  particularly  useful 

Use  of  a general-purpose  hybrid  computer  for  the  control  of  evoktxl  potential 
experiments  is  somewhat  novel.  The  benefits  accrued  fr(.)m  this  approach  are  the 
following : 

1.  Complexity  and  storage  requirements  for  system  software  are 
reduced 


10 


Q li- 
UJ  O 

_1  z 
_l  o 
o o 


z tt: 
o o 


>-  in 
-I  UJ 
_J  X 

< o IaJ 
t H > 
<2  5 < 

Q CO  > 


0 

1 

^CL/ 


O « JIl 

To  n- 

-ji — I c\j  0-1  h 


a o 
o 


UJ 

* UJ  o 


FIGURE  4.  ANALOG  COMPUTER  PATCHING  DIAGRAM  FOR  STIMULUS 
CONTROL. 


2.  Heal  time  parameter  adjustments  can  be  made  during  the 
course  of  an  experiment 

3.  A variety  of  experiments  can  be  performed  without  changing 
system  software. 

4.  Requirements  for  special-purix)se  hardware  appear  to  be  significantly 
reduced. 

2 . 2 St)ftware  Development: 

Very  general  system  software  has  been  developed.  This  software  and 
the  use  of  analog  computer  components  enable  experiments  to  be  modified  or 
even  changed  significantly  with  very  little  additional  effort.  The  existing  software 
is  utilized  both  for  experiments  involving  visual  stimuli  and  those  involving  seat 
or  backrest  stimuli.  A flow  diagram  for  the  real-time  control  of  the  evoked 
potential  experiments  is  given  in  Figure  5. 

Refer  to  Figure  .'5.  The  pre- initialization  routine  zeroes  all  counters  and 
flip-flops,  accepts  an  ID  number  and  spaces  the  magnetic  tape  forward  past  all 
previous  stored  data.  The  initialization  routine  clears  all  summing  registers,  and 
accepts  input  data  specifying  the  number  of  evoked  respt)nses,  the  number  of  points 
per  response  and  how  frequently  the  running  averages  are  to  be  displayed.  Block 
4 produces  the  random  interstimulus  interval  resulting  from  the  random  walk. 

Block  5 controls  sampling,  computation  of  running  averages  and  accumulation 
of  data  for  a single  evoked  response.  Subsequent  to  this,  data  points  for  a single 
evoked  response  are  DMA  transferred  to  magnetic  tape.  Block  8 controls  incrementation 
of  the  number  of  samples,  selection  of  the  display  Interval  and  display  of  the 
running  average  of  the  evoked  response.  If  one  of  two  possible  input  stimuli  has 
been  selected,  such  as  seat  deflation  or  backrest  deflation,  then  the  running  averages 
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PRE- INITIALIZATION  SUBROUTINE 

1. 

1 

r 

INITIALIZATION 

2. 

SUBROUTINE 
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FIGURE  5 - Continued 
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from  just  one  of  these  stimuli  ean  be  displayed  ui  real  time.  In  block  ‘I,  a 
fixed  Interstimulus  delay  is  provided,  and  certain  integrators  and  the  clock  an* 
reset.  The  termination  subroutine  provides  housekeeping  operatiims  such  as 
removing  the  visual  image  from  the  CRT  screen,  terminating  data  sti)rage  with  an 
end-of-file  mark  mid  rewinding  the  tape. 

In  addition  to  the  software  utilized  for  real-time  ^'peration,  a post  processing 
system  has  been  developed.  A detailed  flow  diagram  for  this  system  is  given  in 
Figure  6.  This  system  enables  any  response  from  any  subject  to  be  recalled  and 
displayed,  scaled,  identified  and  filtered.  Although  theoretically  ;uiy  digital 
filter  can  be  inserttxi  into  this  software  package,  it  is  anticipated  that  only  finite 
impulse  response  (FIR)  filters  will  be  utilized.  The  filter  currently  in  use 
is  a general  Nth  - order  smoothing  filter,  in  which  N caji  be  selected  by  the  user. 

As  an  example,  use  of  a 15th  order  filter  in  conjunction  with  a 1.025  millisecond 
sampling  rate  essentially  removes  60- Hz  artifacts  with  very  little  low-frequency 
distortion  of  the  measured  response.  The  transfer  fimction  for  such  a filter  is 
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The  magnitude  response  for  this  filter  is  shenvn  in  Figure  7. 

For  subjects  with  certain  hair  textures,  it  was  difficult  to  rapidly  affix 
scalp  probes  such  that  60Hz  artifacts  w'ould  be  minimal.  Since  it  was  deemed 
undesirable  to  clip  any  hair,  use  was  made  of  this  smoothing  filter.  Figure  8a 
illustrates  a single  response  from  such  a siibject  when  the  filter  was  not 
utilized.  Figure  8b  Illustrates  the  filtered  response. 

The  post  prt>cessing  package  was  developed  so  that  new  options  can 
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FIGURE  6.  FLOW  CHART  FOR  POST  PROCESSING  SOFTWARE 


frequency  (Hz) 


FIGURE  7.  MAGNITUDE  RESPONSE  FOR  IS'-S  ORDER  SMOOTHING 


SCALE: 


Figure  8a 


easily  be  added.  One  option  that  is  plaimed  is  tlu'  capaliility  to  mark  or  delete 
eertain  responses  from  the  running  averages.  Kxamples  of  responses  to  be 
deleted  are  responses  obUiined  when  a subjeet  was  interrupted,  or  any  rt'sponsi's 
that  resulted  during  saturation  of  an  amplifier. 

2.3  System  Operation: 

When  experiments  are  lu'ing  eondueted,  the  subjt'et  is  loeatc'd  in  a researeli 
laboratory.  All  experiments  weri'  performed  with  the  subjeet  seatt'd  in  a dimly 
lighted  room.  A rj'seareh  assistant  stays  in  thi'  rest'areh  labor.'itory  with  (he 
subject.  1 hi'  assistimt  is  not  visible  to  thi’  subject,  but  observes  the  stimulus  that 
is  being  apj)lied.  rhe  electrical  activity  at  the  vertex  node  as  displayed  on  the 
bioelectric  recorder,  and  the  running  averages  of  (he  evoked  resj)onses  can  bi- 
monitored  by  the  research  assistant.  The  research  assistant  also  records  any 
distractions  or  significant  subject  activities  that  may  tend  to  bias  results. 

'I  he  research  assistant  has  telejdione  communications  with  the  principal 
investigator  in  the  cmtiX)!  room.  Once  initialized,  thi’  experiment  is  under  eontrol 
of  the  comimtei . However,  during  the  conduct  of  an  e.\i)erlment,  the  j)rineipal 
investigator  may  vary  certain  parameters,  as  noted  earlier  in  this  cha|)ter. 

All  eijuipmcnt  c.xccpt  the  stimulus  producing  equipment  and  the  bioelectric 
lei Older  is  located  in  the  control  room.  Consider  the  experiment  in  which  thi' 
stimulus  consists  of  either  a left-jiartition  seat  deflation  or  a right-partition  seat 
deflation,  rhe  control  hardware  for  this  stimulus  is  shown  in  Figure  !>.  Hefer 
also  to  Figure  4.  If  the  right  boundary  of  the  random  walk  is  crossed  flag  F I comes 

up,  ‘'uul  the  stimulus  is  apj)lied  by  setting  digital  outjuit  1.011.  Setting  1,011 
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25  PSI  INLET 


CONOFLOW 

VALVES 


TWO  POSITION  INFLATABLE  SEAT 

NOTE;  A,  B,  C,  & D ARE  OUTPUTS  FROM  DIGITALLY  CONTROLLED 
SWITCHES  SHOWN  IN  FIGURE  4. 


FIGURE  9.  SEAT  DEFLATION  CONTROL  SETUP. 


sets  flip-flop  3 which  puts  a 1 on  line  13  and  a 0 on  line  15.  Thus,  ten  volts  is 
applied  to  point  A in  Figure  9,  and  0 volts  is  applied  to  point  B.  This  closes 
the  Input  conoflow  valve  to  the  left  partition  and  opens  the  exhaust  valve  CV^, 
produeing  a left  seat  deflation  stimulus.  By  observing  Figures  4,  5 and  9,  it  is 
seen  that  after  the  evoked  response  has  been  measured,  the  seat  is  returned  to 
its  initial  inflated  position,  and  a delay  is  implemented  in  order  to  allow  the 
subject  to  return  to  an  unstimulated  state. 
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KXPLOHATOHY  EXPEHIMEN'IS 

rhi>  exporimi'iits  that  wore  clovolopod  won*  soK'oti'd  solely  for  the  purpose 
addressing  the  general  (luestions  posed  as  part  of  our  researeh  objt'ctives. 
Whereas  classical  research  techniques  involve  fixing  all  parameters  such  that 
a response  can  be  assoeiati'd  with  a single  well-defiiU'd  input,  onset  eui's 
pia)dueed  on  flight-training  simulators  are  complex  ;md  occur  when  (he  subjeet  is 
already  performing  multiple  tasks.  Sinee  there  is  no  reason  to  expect  linearity 
in  the  response  to  multiple  inputs,  classical  type  experiments  were  not  perfornu-d. 

A systt'ins  approaeh  was  utilized.  The  input  to  the  systcmi  was  eonsidere<l 
to  be  th(*  partieular  stiniulus.  The  output  was  the  eleetrieal  jM)tt'ntial  nx'asuri'd 
at  the  vertex  nunle.  Measurements  were  with  respc'ct  to  the  mastoids  and 
utilized  a common- mi>de  configuration. 

For  the  visual  stimulus,  if  the  purjiose  of  tlu'  e.xjjeriments  had  been  to 
measure  the  evoked  cortieal  potentials  associated  solely  with  motion  abstracting 
mechanisms,  then  it  would  be  desirable  to  instrument  tlu'  eyes  and  to  eompi  nsate  for 
eye- movement  artifacts.  An  alternate  approach  that  has  been  impU'mentt'd  is 
U»  use  the  eleetrieal  potential  associated  with  rapid  eye  movenu'nt  to  triggt'r  (he 
measurement  of  an  evoked  response.  Even  for  our  non-visual  stimuli,  the 
seat  deflation  stimuli,  it  is  possible  that  a portion  of  thi-  measured  responses 
ct)uld  be  produeed  by  rapid  eye  movements.  If  so,  this  eould  probably  be 
eliminated  by  inst meting  the  subjc'ct  to  keep  his  eyes  elosc'd  during  (he  expt'riment. 


H 
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However,  it  would  be  difficult  to  associate  such  an  experiment  with  the  arrival 
of  an  onset  cue  when  a trainee  is  operating  a simulator  or  an  aircraft. 

The  following  hybrid-computer  controlled  experiments  were  designed  and 
performed: 

Experiment  A: 

The  subject  was  seated  6 feet  from  a 3-5/8  x 4-5/8  inch  Tektronix 
oscilloscope  screen.  An  image  of  a 3/4  inch  diameter  ball  of  medium 
light  intensity  was  displayed  on  the  screen.  The  subject  was  instructed 
to  observe  the  ball  as  it  moved  laterally  across  the  screen  with  simple 
harmonic  motion  at  a frequency  of  1 radian/second.  The  stimulus 
consisted  of  a randomly  occurring  downward  impulse  acceleration  of  the 
ball  at  a speed  of  64  cm/second. 

The  subject  was  seated  in  a dimly- lighted  unshielded  room  and  was 
instructed  to  coimt  the  number  of  stimuli  observed.  The  response  was 
amplified  by  a Hewlett- Paekard  bioelectrie  amplifier  with  a lower 
cutoff  frequency  of  0.15  H^  and  an  upper  cutoff  frequency  of  30  H^. 

The  signal  was  sampled  approximately  every  1.03  milliseconds  for  a 
selected  time  period,  usually  0.6  seconds.  A 10-bit  A/D  converter  was 
used  to  sample  the  signal. 

Experiment  A- Ml: 

The  same  visual  imago  described  in  Exj>eriment  A is  utilized  as  a 
stimulus.  In  addition  a 19"  TV  screen  was  placed  with  its  center 
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approximately  2 feet  to  the  rinhl  aiul  one  foot  below  the  ei'iiter  of  th<> 
Tektronix  oscilloscoju',  clearly  within  the  frontal  vision  of  the  subject. 
Experiment  A-  M2 : 

In  this  exi)eriment,  the  same  visual  iniane  described  above  is  min’ing; 
laterally  across  the  screen  with  simple  liarmonie  motion.  The  stimulus 
consists  of  eitlu'r  :m  upwanl  or  downward  rapid  vertical  displacement 
of  the  circular  imapi'.  rhe  velocity  of  the  vertical  displacement  has 
a magnitude  i>f  (M  cm /second.  Itesptinses  to  the  UP  stimulus  :uul  the 
DOWN  stimulus  are  averaged  separately.  Ol)servations  of  the  mi-asuii  inents 
may  suggest  formulation  of  a hypothi'sis  that  thi'  response  to  aji  UP 
visual  motion  is  different  from  that  of  a IXWX'N  visual  motion.  If  so, 
a formal  experiment  caji  be  ilesigned  to  test  this  hypothesis. 

Experiment  M: 

The  stimulus  for  this  exjieriment  is  a motion  ;uk1  proprioceptive 
stimulus.  It  C('nsists  of  the  deflatii>n  of  an  inflatable  bladder  upon  whicli 
the  subject  is  seated.  When  Inflated  to  a prt'ssure  of  .‘I  pounds /sejua re 
inch,  the  dimensions  of  the  bladder  are  approximately  20"  x 1 1"  x 2/1". 

The  bladder  is  placed  on  a wooden  .seat  that  is  parallel  to  the  ground, 
rhe  back  portion  of  the  wooden  chair  forms  an  angle  with  the  vertical  of 
approximately  10‘\  Electro-pneumatic  valves  are  located  at  thi'  input 
;md  output  lines  of  the  cushion.  Ihiring  the  inflated  state,  the  input  valvi' 
is  set  to  maintain  a pressure  i>f  approximately  2 pimnds/scjuare  inch, 
and  th('  output  valve  is  closed.  To  apply  the  stimulus,  a driving  signal 
under  control  of  the  digital  computer  opens  th<'  output  valve  and  closes 
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thi-  liHHit  v;ilvi>.  With  a nuKiiurn- w oinht  aiiult  scalcii  ,.ii  the  cushion, 
total  lU'llatioM  rtHiuin-s  about  two  st>i-oiuls.  It  is  il.-sirod  to  luoasuro  tho 
r«‘spous«‘  to  the'  stimulus  onsc't. 

Kt^H'nmont  It-  Ml ; 

K-xpoi-imunt  M is  porloruu-d.  Th.'  subjivt  woars  lu-ailphoiu-s  to  oxoliuK' 
tho  sound  ass.viatod  with  tho  soat  lUdlation. 

FxtH'riinont  lt-V.12: 

F.xtx'finu'nt  H is  porfv'nnod.  I ho  subjevt  woars  storoo  hoadplr)nos,  and 
soft  music  is  piped  into  tho  headphones  to  mask  tho  sound  ass«<oiati'd  with 
st'at  (K’flation. 


l.'xiH~riim'nt  H-  Md: 

Kxporimont  It  is  pc'rfornu'd  oxeept  that  thi'  subjoet  doos  not  sit  on  tin' 
doHatablo  soat,  but  adjae.'nt  to  it.  Tho  subjoet  lu'ars  tin-  same  sound  win  n 
the  stimulus  is  applied,  and  perhaps  senses  differential  pn-ssuros  as 
tho  soat  is  deflated.  It  is  of  interest  to  aseorlain  if  tho  evoked  n-sponse 
measun'd  in  Kxtn'rimont  It  is  pnHlue.'d  by  the  moti<m,  taetile  :unl  proprioeeptiv 
onset  cues  pnHiueed  when  sittlnp;  on  the  seat,  or  merely  by  the  asscK'iated 
residuals. 


K.)2)ei-mieiU  It-  M4; 

The  stimulus  consists  of  eithc'r  the  deflation  of  tin-  b-ft  partiti.m  c'f  the 
seat  or  the  right  partition  o\'  the  seat.  Hesp»atses  to  tin-  I Kl’ T and  HU'dl  1 
stimuli  are  .averaged  separately,  (tbservatii'n  of  the  measureni' nts  may 
suggest  formulation  of  a h>iiofhesls  that  n'sponse  to  a l.KKT  stimulus  is 
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is  different  frem  that  of  a RIGHT  seat  stimulus.  If  so  a formal  experiment 


can  be  designed  to  test  this  hypothesis. 

Experiment  R-M5; 

Experiment  B is  repeated  except  that  a backrest  rather  than  a seat 
is  deflated.  Observation  of  the  measurements  may  suggest  formulating 
an  experiment  that  is  designed  to  determine  if  a backrest  stimulus  can  be 
differentiated  from  a seat  stimulus  from  the  observation  of  the  corresponding 
evoked  responses. 

Experiement  C: 

Experiments  A- M2  and  B-M4  were  conducted  simultaneously.  This 
was  :ui  initial  exploratory  effort  intended  to  suggest  a well-defined 
experiment  in  which  both  visual  cues  and  corre.sponsing  motion  cues 
occur,  but  not  necessarily  in  synchronism. 

All  evoked  responses  were  measured  at  the  vertex  with  respect  to  the  mastoids. 
Three  6-mm  Neher  tin  electrode  disc  probes  were  utilized.  The  in'obes  were  allixed 
to  the  scalp  using  collodion,  and  a standard  electrode  paste  was  utilized. 


C'haptiT  1 
HKSlM/rS 

Both  visual  and  n-si-at  tyi)o  stinuili  produoi'd  I'Vi'kud  rc'sponsus  that  appt  ar 
to  bo  woll-ili'finod  for  partioular  individuals,  and  goiu  rally  appoar  to  possoss 
attributt's  that  aro  I'ointnon  lor  diffi'ri'ut  individuals.  In  obtaining  thosi'  rosiHuisos, 
only  avt'raging  tt-ohniipu's  and  siinplo  sinoothijig  toohniciuos  wi-ri'  utili/.oil.  I ho 
prodoininant  artifai't  onoountoriHl  was  (>0  - Hz  piokup.  I'his  was  oasily  ri'inovod 
from  iiulividual  ros[).iusos  without  signifio;mt  distortion  of  tho  (u'odominant  in-aks. 

It  apiM'ars  that  tho  prodominant  poaks  ;uui  lati’iicios  oan  froquontiv  bo  obson  od 
from  just  a singlo  rosponso  if  tho  tiO-llz  artifacts  aro  romovi'd.  I'ho  only  task 
assignod  to  subiot't.s  during  thi’so  oxporimonts  was  to  I'ount  tlu'  numbt-r  of 
stimuli  ro(.'«-i\od.  .'Mthough  othor  invostigators  havo  moa.suroil  i-ffoots  of  spooifio 
tasks  i)U  I'vokod  rosponso,  tht'  offool  of  this  task  lUi  tho  ovokoil  ri'spons»'  was  not 
oviiit'iU  from  visual  inspootion  I'f  tho  moasuromonts. 

4.1  N'isu  tl  Motii'U  Uosponst-s: 

Avt'rtigi"  t’voki'd  rostK'Ust's  to  tho  visual  obst-rvation  of  an  imjnislo  ai’iadoratii'n 
wor«'  moasuroii.  I'vpioal  attriluiti'S  a|)paroi\t  from  visual  inspootion  of  tlu-  rosults 
inoluilo  a small  positive  pt-ak  that  ooours  approximatoly  1:>P  millisi'ot>nds  after 
lh»*  stimulus  onset,  A woll-dt'finod  nog.ativo  p«'ak  is  pix'sonl  approximatoh  -0(> 
millisooiuuls  after  tho  stimulus  oitsot.  This  is  folK'wod  In  a sharp  transitiim  tv'  a 

wave,  rhi'  latti'r  I'.xoursion  roprosi'uts  thi'  luv'st  signifioant  magiiiludi'  variativ 
.Avorago  evoked  rospi'iisos  for  four  diffor»‘nf  subjools  aro  shv’wn  in  I-’iugro  III. 

Sini’o  there  is  variability  within  each  subjoot,  tho  average  rospi'nso  has 
attributes  that  aro  different  from  th  so  of  individual  rosponsi's.  In  partioular,  if 
rosi^insos  aro  summed,  anv  variability  in  latoneios  tends  lv>  eausi-  peak  attenuation 


tvwtu)  ‘roTEini«i;t: 


^vokor  ^ poTthTtau' 


Each  picture'  is  the  average  32  responses 


SCALE:  Horizontal:  300  mscc/in 


AVERAGE  EVGKED  RESPONSE  FROM  FOll^  DIFFERENT  SEBJECTS 
PRODFCED  BY  VISUAL  MOTION  STIMULUS 
FIGURE  10 


in  Iht'  ;»vora>ii'ii  Kihcriii^;  algtnithms  havt*  luaMi  (It  Vflopid  tn  o iinp.‘ii>al. 

for  raiulom  \ .shift.-.  Ifowt-vor,  such  al>;i>rithms  ivsult  in  trad. -oils  w lm  h 

may  f)f  tdtht'r  un4ft‘siral)h‘  or  intoli  raf)Ir. 

ffi'frr  anain  to  Finiiro  tn  d.  I’l^^iiro  11  .shows  tho  first  four  rfS|>onsi-s  mi  a.-uinl 
l)\  this  sulipvt.  otisiTvo  that  tho  , Nj,  P^,  N.^  and  I'.KKi  wavos  f ro.)u<  nt l\ 
assooiatod  with  visual  stimuli  appoar  t»'  hv  prfs»M\t,  vvi  n thi>u^h  ihoro  is  n.. 
suj;j;ostiiMi  ot  tho  prosonco  of  P^  and  Nj  in  th«-  avoraj;*  rt  spons<  . This  is  lausod 
bv  latoiK-v  variabiliiN  in  tho  P^  and  Nj  pt  aks.  M.  t.  r to  I ii;ur<  12.  I his  is 
tho  avorago  rosponso  ot  tho  fir-  n ovoki-d  rospons»-s  nioasurod  Ironi  ilu-  sanu 
subji'ot.  Noto  that  P^  and  Nj  , although  attonuatiil,  aro  still  oloarh  \isiblo. 

.Although  otlu  r in\  i-stigators  havo  obsor\'»-d  v ari.ibilitv  in  la  rtain  lat»'iH  io- 
within  siibjoots,  it  oaiinot  bo  inforri'd  from  this  oxporiniont  that  tho  latoiiox 
variati.>ns  tor  poaks  P^  and  Nj  aro  intra-subjool  \ariations.  I’rior  to  oaoli 
stimulus  onsot,  tho  visual  imago  niovod  latorally  aoross  tho  soroon  with  ;i  .-low 
harmonic  motion,  fho  stimulus  onsot  was  random.  It  is  possible  that  tho  latonoios 
of  thoso  poaks  can  bt'  associated  with  tho  horizontal  position  and  or  voloi’it\  at 
nhioh  each  vorticail  onset  .stimulus  ooour.s.  this  can  bo  invo.stigati'd  bv  pi’rforming 
a similar  o.vporiniont  in  which  tho  horizontal  voltage  wave  at  tho  point  of  each 
stimulus  onset  is  sampled  and  stored.  With  our  present  .system,  it  would  In- 
quite  easy  to  implement  this  revision. 

K.xperimont  A was  modified  in  that  a TV  sot  was  placed  in  tin-  view  of  the 
subject,  as  dosoribod  in  the  previous  chapter.  lAuring  the  course  of  the  e.xperiment  , 
an  extraordinary  amount  of  action  occurred  on  the  r\’  screen.  In  aildition, 


SCALE:  Vertical:  93.  7 MC/in  Horizontal:  196  msec/in. 

FIRST  FOUR  RESPONSES  BY  SUBJECT  #6  TO  VISUAL  MOTION  STIMULUS 

Figure  11 


31 


SUBJECT  #6:  20  year-old  female 


vt'rtical  roll  prohloins  occurred  during  the  latter  part  of  the  experiment.  However, 


as  can  be  observed  from  the  results  given  in  Figure  13,  the  P30()  portion  of  the 
response  due  to  the  onset  stimulu.s  still  appears  to  be  present.  If  this  exiieriment 
is  performed  again,  a recorded  TV  presentation  w'ill  be  utilized  in  order  that  the 
rather  extreme  visual  distractions  that  occurred  during  this  experiment  may 
be  avoided. 

In  another  modification  to  E.xperiment  A,  visual  onset  stimuli  ui  w'hich  the 
image  was  disi)laeed  upward  were  randomly  interspersed  with  stimuli  in  W'hich 
the  image  was  displaced  downward.  The  responses  were  averaged  separately. 

The  average  of  13  DOWN  responses  for  one  subject  is  given  in  Figure  14a  and 
the  average  response  from  12  UP  stimuli  is  given  in  Figure  14b.  From  the 
rc'snlts  presented,  it  is  not  clear  whether  the  responses  caused  by  the  two 
stimuli  arc  different.  Although  there  has  not  been  sufficient  aiialysis  to  support 
a conclusion,  we  Umtatively  suspect  that  the  responses  are  different.  This  is 
suggesti'd  since  we  were  able  to  view  individual  responses  (as  opposed  ti>  average 
responses)  and  estimate  with  a fair  degree  of  accuracy  if  the  response  was 
caused  by  an  UP  or  a DOWN  stimulus.  In  order  to  test  the  hyix'thesis  (hat 
the  resi)ons('S  aii'  different,  it  will  be  necessary  to  use  a statistically  discriminatory 
technique,  such  as  the  method  of  stepwise  discriminate  analysis.  It  is  interesting 
to  note  that  (he  P3t)0  portions  of  the  two  waves  appear  to  be  quite  similar.  This 
can  b('  observed  by  averaging  together  responses  from  both  the  UP  stimuli  ;md 
the  IKAV'N  stimuli.  This  is  illustrated  in  Figure  l.'l. 


33 


>3W 

b)  Sl'BJEC'r  7:  21  yoar-old  male 
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a)  SUBJECT  7;  21  year-olci  male 

Avt-rage  of  12  Hesponst-s  to  UP  Stimulus 


SCAEF: 


Horizontal;  100  milliseconds,  inch 
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70  microvolt s/ineh 
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Certain  researchers  have  reported  observintt  lanilKla  waves  in  response  to 


observation  of  visual  motion.  These  waves  have  the  apji'arance  of  a larf;e  iiivertc*d 
V.  In  some  of  our  individual  responses,  it  appears  that  a lambda  wave  is  present. 
IXie  to  small  latency  variations,  these  waves  lend  to  p:irtially  "wash  out"  in  aveianed 
responses.  The  large  lambda-type  waves  that  we  obsencd  oeeuri'ed  in  the  P.Mio 
region.  Figure  It!  illustrates  a single  response  in  which  a A wave  ai)pears  to  be 
present. 

Smaller  lambda-type  waves  were  observed  occurring  in  earlii-r  portions  of 
certain  evoked  resptuises.  If  certain  onset  cues  relating  to  obs»-rvation  of 
visual  motion  regularly  produce  these  waves,  it  is  suggest<  d that  real-tiim-  detection 
of  these  signals  could  be  useful  for  possible  augmentation  of  pilot  perform:uu  e in 
the  operation  of  a high  performance  aircraft. 

4 . 2 Responses  to  G-Seat  Stiinu li^ 

Results  of  our  literature  search  did  not  reveal  any  previous  evoked  i)i)tential 
studies  utilizing  a G-seat  type  stimulus  such  as  described  in  Chapter  :i.  'Hu> 
responses  from  these  stimuli  measured  at  the  vertex  node  appear  ti'  be  large  and 
reasonably  well-defined.  The  first  clearly  discernible  peak  is  a very  sharj) 
negative  peak  in  the  N2()0  region.  This  peak  appears  to  have  a nearly  constajit 
latency.  This  is  followed  by  a sharp  transition  into  the  PaOO  region.  The  responses 
appear  to  be  quite  similar  for  different  subjects  luid  different  from  the  responses 
obtained  from  our  visual  stimuli.  Average  rt'spon.ses  for  two  .subjeets  art'  shown  in 
Figures  17  and  18. 

By  use  of  sophisticated  statistical  teehnicgies,  it  is  now  possible  to  elassifv 
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EVI*£B  roiENTIM.  EXKRIHEMT 


lU'sponsi'  to  first  stimulus 


Subject  #4;  20  year-old  male 


;U)(t  millist'couds  /iueli 
;);i.  7 microvolts  iucIi 
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Scale: 

Horizontal:  209.  9 milliseconds 'in: 

Vertical:  24.7  microvolts /inch 


A\-ER.-\GK  responsf  to  defu-u  abit;  s 


certain  evoked  re.s|K)n.ses  from  measurement  of  a siiif^le  response.  For  the  results  of 
our  seat  deflation  exjjeriment,  it  appears  that  certain  attributes  of  thi>  response 
cim  frequently  be  observed  by  visual  inspection  without  any  statistical  processing;. 
Refer  to  Figure  19.  Four  consecutive  responses  to  the  seat  deflation  stimuli  are 
presented.  For  these  resptjnses,  it  appears  that  both  the  N200  peak  and  the  P.'lOO 
wave  are  discernible  by  simple  visual  inspection  of  just  a single  measurement. 

Mfxlifications  were  made  to  the  seat  deflation  experiment  in  order  to  ascertam 
if  the  measured  response  was  due  to  the  combination  of  the  tactile,  proprioceptive 
luid  motion  onset  associated  with  the  seat  deflation,  or  whether  perhaps  the 
response  was  prcxluced  by  the  mechanics  associated  with  implementing  the  seat 
deflation.  For  example,  deflation  of  the  seat  was  accompanied  by  sounds  associated 
with  conoflow  valve  operation,  and  the  pneumatics  associated  with  air  flow  out  of 
the  seat.  In  order  to  mask  the  sound,  headphones  were  placed  on  a subject,  and  the 
deflation  experiment  was  performed.  A significant  response  was  still  measured. 

In  another  modification  of  the  experiment,  soft  music  was  piped  into  a set  of  stereo 
headphones  in  order  to  mask  the  sound.  A response  to  the  stimulus  was  still  observed. 

In  another  modification  to  the  experiment,  the  subject  was  seated  next  to  the 
deflatable  seat  instead  of  on  it.  The  response  was  measured  to  the  deflation  stimulus. 
An  evoked  response  was  measured  in  the  subject.  However  the  response  measured 
appears  different  and  of  lesser  magnitude  than  that  obtained  from  the  subject  when 
he  was  sitting  on  the  seat.  Figure  20  is  the  average  of  the  first  five  responses  from 
Subject  G when  he  was  on  the  seat.  Figure  21  is  the  average  of  the  first  five  responses 
when  the  subject  is  seated  next  to  the  controlled  pneumatic  scat,  i'hcre  appears  to  be 
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Subject  H:  21  year-old  male 

SCALK:  Horizontal:  4. 25  milliseconds/in  Vertieal:  40.4  microvolts/in 

FOUR  SINOl.E  RESPONSES  TO  DEFEATABEE  SEAT  .STIMUEUS 


Figure  10 
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little  similarity  in  the  I'esponses.  It  should  he  mentioned  lluit  in  later  ri'sponses, 
there  is  more  similarity.  Perhaps  the  subjeet  is  leari\inj:  to  assoeiate  the  sounds 
with  the  G-seat  excursions. 

It  should  be  observed  that  tht'  resi)ouses  to  our  G-seat  type  stimuli  are  measured 
for  nearlv  l.r»  seconds  after  the  onset  sij^nal  is  ai)|)lied.  The  sifj^iificant  measured 
responses  all  were  observed  early  in  the  response  waveform.  After  the  seat  has 
been  almost  completely  deflated,  which  is  in  the  order  of  magnitude  of  1 second,  the 
subject  feels  a well  defined  sensation  as  the  ischial  bones  come  in  contact  with  the 
wooden  seat  underneath  the  pneumatic  cushion.  It  was  desired  to  determine  if  this 
secondary  stimulus  produced  a well-defined  response.  No  such  respv>nse  was 
observed.  This  does  not  necessarily  imply  that  such  a response  was  not  presinl, 
since  we  believe  there  was  considerable  vari;il)ility  in  the  time  that  it  took  for  tin' 
ischial  bt)nes  to  come  in  contact  with  the  hard  surface. 

In  another  modification  to  K.xpi’riment  H,  flu*  subject  wa.s  placi'd  on  a ll-eompartnu'nt 
seat.  The  onset  stimuli  consisted  of  left-compartment  deflations  randomly  Interspersed 
with  right  compartment  deflations.  Differences  in  the  responses  were 
generally  not  obvious  fnun  visual  inspection.  However,  fc'r  one  subject,  the  pre-deflation 
pressure  in  the  right  compartment  was  approximatelv  0..‘)  PSl  higher  than  the  pri'-def'ation 
pressure  in  the  left  compartmeiAt.  This  i>roduced  sensations  which  the  subject 
describi'd  as  significantly  different.  It  also  resulted  in  averaga-  resp(mses  that  appear 
significantly  diffei'ent.  The  sharp  or  large  magnitude  response  is  associated  with 
the  larger  pressure  differential.  Average  resi)onses  for  these  cases  are  shown  in 
Figures  22  and  22,  The  results  appear  ai^alogous  to  results  obtained  from  measurenu'iit 
of  responses  . voked  by  visual  stimuli.  Larger  responses  ari'  gt-nerally  generati’d  by 
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Figure  23 


hl^hor  li^ht  iiitonsitios  or  shaiiH'r  odgi'  paltorns. 


Oiu'  more  modification  of  Experiment  It  was  uicorporated  by  having  tlu'  subjeel 
sit  on  a pneumatic  seat  with  his  back  leaning  against  a pneumatic  backrest.  Ihe 
stimuli  consisted  of  seat  deflations  randomly  interspersed  with  backrest  deflations. 

The  responses  to  the  two  deflations  wtua'  averaged  set)ara(('ly . I'lu'  ri'sults  aic 
shown  in  Figures  24  ;md  25.  For  this  subjt'Ct,  it  is  observed  that  the  leading  lobi- 
of  the  P300  wave  is  greater  than  the  trailing  lobe  for  the  backrest  deflation,  but 
less  than  the  trailing  lobe  for  the  seat  deflation.  This  suggests  conducting  a formal 
experiment  and  using  statistical  tecimiques  to  test  tht'  hytiothesis  that  the  responses 
prc'duced  by  the  two  stimuli  are  different. 

In  t:iking  various  measurements,  it  was  obsei’ved  that  the  fastest  sharp  jn-aU  u\ 
an  average  response  occurred  for  our  yovuigest  subject  (!)  years  ('Id),  file  h'ligest 
latency  to  a P;U)0  wave  was  for  our  oldest  subject  (43  years  old).  It  may  Ix'  of  inteia-st 
to  pursue  an  investigation  concerning  j'ossible  relationships  Ix'tvveen  ag('  groups  and  l.ileiieies. 
4.3  Combined  Vlsua  1 ;md  G-Seat  Stimulus: 

The  visual  stimulus  and  the  G-seat  stimulus  were  presented  to  a subject 
simultaneously.  That  is  the  same  driving  signal  was  used  to  activate  Ix'th  .stimuli. 

Clearly  the  inertia  in  the  t'lu'umatie  system  results  in  some  delay.  An  ava'rage 
response  for  this  combined  stimulus  is  shown  in  Figure  2(;,  Visual  insj'eetion  of 
this  response  suggests  that  it  is  different  than  the  responst'  from  just  a visual  stimulus 
or  just  a G-seal  stimulus. 

Rather  th;ui  pursue  this  ('ffort,  it  was  decided  to  design  an  exj'eriment  in  which 
the  visual  stimulus  can  be  more  closely  related  to  the  G-seat  stimulus.  .Such  an 
e.xperiment  is  described  in  Chapter  .5. 


4S 


Figure  24 


Subject  L:  20  year-old  female.  Average  of  6 responses 
SCALE:  Horizontal:  196  milliseconds/inch 
Vertical:  24.  7 microvolts /inch 


Figure  26 


Chapter  5 

CONTINUING  EFFORTS 

The  work  that  has  been  done  has  been  largely  exploratory  in  nature.  The  work 
that  is  currently  being  planned  consists  of  some  more  formalized  experiments  as  well 
as  certain  additional  exploratory  efforts.  All  continuing  efforts  are  still  addressed 
to  the  general  obejetives  that  are  specified  in  Chapter  1.  The  following  efforts  are 
currently  being  planned: 

1.  It  is  planned  to  investigate  if  certain  onset  stimuli  can  be  identified 

from  observation  of  evoked  scalp  potentials.  From  our  current  data,  it 
appears  that  observation  of  an  average  response  is  sufficient  to  identify 
the  stimulus  producing  it,  at  least  for  a small  class  of  possible  input 
stimuli.  Two  approaches  will  be  considered.  First,  we  will  analyze  an 
average  evoked  response  that  is  known  to  result  from  one  of  two  possible 
stimuli.  The  method  of  discriminant  analysis  will  be  utilized.  A second 
approach  will  be  to  formulate  an  algorithm  based  on  observed  mean  attributes 
measured  for  various  stimuli.  The  algorithm  will  be  scored  based  on  the 
number  of  successes  and  failures  in  classifyuig  the  response.  If  eith  'r  of 
these  techniques  proves  fruitful  the  identification  problem  will  be  pursued. 

It  will  be  attempted  both  to  identify  the  responses  from  a larger  class  of 
possible  stimuli,  and  to  identify  the  response  from  a smaller  number  of 
averaged  responses,  perhaps  even  from  a single  response. 

In  general,  it  would  be  desirable  to  identify  me.oningful  onset  cues  from 
observation  of  a continuous  record  of  the  scalp  potentials  of  the  svibject. 
Although  we  are  not  ready  to  address  this  gcmeral  problem,  it  may  be 


I 


i 


I 

! 

i 


r)2 


possible  at  this  time  to  pursue  eertain  restrieted  cases. 

2.  Measurements  have  been  made  identifyinf^  various  time  delays 

encountered  in  subsystems  of  the  advanced  Simulator  for  Undergraduate 
Pilot  Training.  Measured  system  delays  were  small  for  visual  systems, 
larger  for  motion  systems,  and  largest  for  G-seat  systems.  Other  studies 
have  suggested  that  if  there  e.xists  a time  delay  bt'tween  a visual  cue  and  a 
corresponding  motion  cue,  and  if  the  time  delay  exceeds  a certain  threshold, 
then  the  motion  cue  has  no  positive  value  in  assisting  an  operator  in  ptTformancc' 
of  a related  task. 

It  is  planned  to  investigate  the  evoked  response  caused  by  a stimulus 
that  visually  produces  a sensation  of  motion  accompanied  by  a corresponding 
non- visual  onset  cue.  It  is  further  planned  to  investigate  the  effect  of 
transport  lag  in  the  measured  evoked  responses. 

We  plan  to  develop  a visual  display  that  will  tend  to  induce  a feeling  of  a tilt,  or 
roll  onset.  We  will  also  attempt  to  precisely  define  a roll  onset  or  tilt  produced  by 
inflation  of  one  compartment  of  a pneumatic  seat  simultaneous  with  deflation  of  the 
other  compartment.  An  attempt  will  be  made  to  identil'y  at  least  one  mean  attribute 
of  the  response  caused  by  the  combined  stimulus  that  does  not  result  from  just  (he 
visual  stimulus.  If  .such  an  indcntification  is  made,  (ime  delay  will  be  introduced  to 
the  combined  stimulus,  and  we  will  attempt  to  obst  rve  if  the  attribute  produced  b\ 
the  joint  stimulus  is  "washed  out"  as  time  lag  is  increased.  If  so,  a mean  time  to 
washout  will  be  estimated. 

The  first  task  required  for  performance  of  this  e.vperiment  is  gx'neration  of  a 
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static  tilt  onset  using  visual  techniques.  We  will  consider  a static  roll  onset  to  be 

a sudden  tilt  and  a dynamic  roll  onset  to  be  a sudden  change  in  direction  or  velocnty 

of  roll  motion.  In  order  to  generate  a roll  sensation  visually,  we  will  use  two 

peripheral  displays,  similar  to  those  used  on  the  Roll  Axis  Tracking  Simulator  at 

the  Aerospace  Medical  Research  Laboratory.  Either  horizontal  lines  or  bars  will 

ap{)ear  on  the  displays,  and  the  controlled  visual  roll  sensation  will  be  generated  I 

by  rolling  the  displays  in  opposite  directions.  Seat  roll  will  be  produced  by  varying  ^ 

i 

the  pressure  of  the  two  compartments  in  the  inflatable  seat.  An  attempt  will  be 
made  to  adjust  the  magnitude  of  the  visual  roll  velocity  so  that  subjectively  it  appears  > 
to  relate  to  the  magnitude  of  the  roll  motion  of  the  seat.  To  enhance  this  relationship, 
subjects  will  be  pre-conditioned  by  riding  the  seat  accompanied  by  correlated  peripheral 
visual  roll  motion.  The  visual  motion  will  be  generated  by  the  output  of  pressure  transducers 
connected  to  each  of  the  two  compartments,  and  thus  will  be  synchronized  with  th(' 
varying  seat-compartment  pressures. 

For  this  series  of  experiments,  just  static  onset  stimuli  will  be  given.  Tentatively, 
it  is  planned  to  use  time  delays  within  the  range  between  -40  and  *200  milliseconds, 
and  to  vary  the  delays  in  increments  of  20  milliseconds.  Since  previous  experience 
suggests  subject  fatigue  if  an  excessive  number  of  stimuli  are  taken,  each  subject 
will  have  to  return  several  times,  and  certain  overlapping  data  will  have  to  be  taken 
and  tested  to  determine  whether  or  not  the  mean  attribute  measured  for  the  zero  time 
lag  is  still  present  at  a different  date. 

3.  It  is  planned  to  continuously  record  scalp  potentials  from  a subject 

who  is  performing  a task  on  a Roll  Axis  Tracking  Simulator.  From  this 


data,  we  will  attempt  to  identify  electrical  responses  that  are  evoked  by 


identifiable  onset  cues. 


If  evoked  potential  technology  is  to  be  utilized  to  assist  in  determining  which 
sensory  mechanism  is  processed  under  various  flight  conditions,  then  it  appears 
worthwhile  to  attempt  to  measure  an  evoked  response  to  a recurring  stimulus  that 
appears  during  a normal  training  mission.  Classical  evoked  potential  exiieriments 
involve  use  of  well-defined  stimuli  in  a well-controlled  passive  environment.  Such 


experiments  can  be  designed  so  that  the  results  of  statistical  inference  are  reasonably 
valid.  However,  the  results  of  these  experiments  may  shed  little  information  related  to  the 
the  general  objectives  that  are  being  addressed.  Furthermore,  at  the  present  time, 
it  doubtful  that  significant  training  devices  should  be  instrumented  solely  for  the 
purpose  of  obtaining  evoked  potentials. 

The  purpose  of  this  task  is  to  determine  if  non-invasive  evoked  potential  measurements 
can  be  taken  from  a subject  during  an  instrumented  training  mission.  The  data 
will  be  taken  during  a tracking  mission  conducted  on  the  Roll  Axis  Tracking  Simulator. 
Vertex  node  voltages  will  be  amplified  by  a bioelectric  amplifier  and  recorded  on 
one  channel  of  a 16-channel  FM  Sanborn  Recorder.  Digital  logic  will  automatically  reset 
the  amplifier  to  its  baseline  if  saturation  is  sensed.  During  a reset  mode,  a mark 
will  be  placed  on  a second  channel  of  the  recorder.  Signals  proportional  to  the 
relative  position  of  the  subject  and  to  the  angular  displacement  of  a frontal  image, 
corresponding  to  the  difference  between  controlled  plant  roll  angle  and  target  roll 
angle,  will  be  recorded  on  separate  channels.  No  processing  of  the  scalp  node  voltage 
will  be  done  during  the  experiment. 

Utilizing  the  recorded  data  and  appropriate  display  software,  dynamic  onset 


cues  will  be  identified  and  marked.  A dynamic  onset  cue  will  be  defined  as  a 


reversal  in  the  direction  of  roll  within  specified  angular  limits.  It  is  recogni/(*d 
that  none  of  the  cues  will  be  identical.  However,  each  will  include  this  well-definwi 
change  in  direction  component. 

Responses  to  this  defined  stimulus  will  be  averaged.  The  responses  averaged 
will  consist  of  the  potential  measured  from  each  subsequently  defined  onset  for 
a period  of  appro.ximately  600  milliseconds  after  the  onset.  We  will  observe  whether 
or  not  certain  peaks  or  latencies  are  preserved  after  a largr-  number  of  responses 
are  averaged.  If  so  it  will  be  postulated  that  these  attributes  were  produced  by 
the  reversal- in- roll-direction  component  of  the  stimulus. 

The  puri:)ose  of  this  particular  task  is  merely  to  investigate  the  feasibility  of 
taking  parasitic  evoked  potential  measurements.  If  the  results  of  this  investigation 
appear  to  be  positive,  then  it  appears  plausible  to  design  experiments  that  can  test 
whether  EP  responses  to  a dynamic  visual  stimulus  are  as  fast  as  those  produced 
by  a dynamic  motion  stimulus.  Likewise,  positive  results  would  enhance  the 
possibility  of  performing  evoked  response  experiments  in  which  responses  obtained 
in  aircraft  can  be  compared  with  responses  obtained  in  a simulator. 

The  continuation  of  the  efforts  referred  to  above  are  contingent  on  the  prospects 
of  obtaining  additional  support. 
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